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FIG. 2. Electron micrograph of the chloroplast envelope membrane fraction (X 75,000). The pellet was fixed in 2.5%o glutaraldehyde in 50 mm
orthophosphate buffer, pH 7.3, and postfixed in %l,, osmium tetroxide (30 min each at 0 C). Dehydration was through acetone and embedding in
Epon. Sections were poststained in lead citrate (23). (Photo published with permission of W. W. Thomson.)
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CHLOROPLAST ENVELOPE LIPIDS

The composition of these envelope preparations (extracted
immediately after isolation) are essentially the same as those
reported previously (27) for freeze-dried samples, except that
the freshly isolated preparations have lower GL/PL ratios
and more PC. Phospholipid breakdown (indicated by the
presence in the freeze dried samples of phosphatidic acid) is
not apparent in the extracts of the freshly isolated material.
The fact that the fatty acid composition of the total lipid calcu-
lated from the GL/PL and MGDG/DGDG ratios (Table I)
and also the fatty acid compositions of these individual lipids
(Table IV) agree with the experimentally determined fatty acid
composition indicates that both the lipid and fatty acid analyses
are substantially correct (Table V).
The major differences in the lipid composition of chloroplast

envelopes and chloroplast lamellae undoubtedly reflect their
functional differences. In the envelope there is an increase in
the proportion of phospholipid, a decrease in the proportion
of MGDG relative to DGDG, and a very much higher PC con-
tent.

The fatty acid composition of the envelope lipids are quali-
tatively similar to those of the lamellar lipids, with the excep-
tion of the trans-A3-hexadecenoic acid which is absent, even
though PG is present in the membrane. Linolenic acid is the
major fatty acid of all the envelope lipids and all the lamellar
lipids, but proportionally much less is present in the envelope,
particularly in the MGDG. The high proportion of 18:3 in the
phospholipid fraction may well be a reflection of its high PC
content, inasmuch as chloroplastic PC in spinach has been
shown to contain much more 18:3 than PC isolated from a
microsomal fraction of the same leaves (6). The significance of
membrane fatty acid composition in membrane function is still
uncertain. However, a high proportion of unsaturated fatty
acids in a membrane has been shown to confer stability on the
membrane (12). Unsaturated fatty acids also have a lower
transition temperature than the equivalent chain length satu-
rated fatty acid. Thus a membrane like the chloroplast en-
velope, with a high proportion of unsaturated fatty acids,
may be expected to be stable but more mobile over a wider
temperature range.

Whether the individual membranes of the envelope have
different lipid compositions is still to be determined. It has
been suggested from studies with the electron microscope that
the lamellar membranes develop from invaginations of the
inner envelope membrane (21). Unless there are large differ-
ences in the composition of the two envelope membranes any
such developmental hypothesis must now also account for the
apparent differences in the lipid composition of the envelope
and lamellar membranes.
The analyses of the lamellar membranes and of the mito-

Table V. Comparison of the Calculated a,td Experimenitally
Determinied Fatty Acid Compositioni of the Total Lipid
Extracted from Subcellular Fractionts Isolated from

Leaves of Vicia faba L.
The moles% 16:0, 18:2, and 18:3 in the total lipid (calculated)

were calculated from the data in Tables II and IV.

16:0 18:2 18:3
Subcellular Fraction

Caic. Expt. Calc. Expt. Calc. Expt.

moles %0
Chloroplast envelope 12.0 13.3 13.2 11.5 60.9 63.3
Chloroplast lamellae 3.3 5.9 3.6 5.2 88.4 82.9
Mitochondrial 20.2 19.3 32.9 31.1 32.0 37.3
Microsomal 19.5 19.8 28.6 27.6 36.2 40.7

Table VI. Comparison of some of the Lipid And Fatty Acid
Characteristics of Subcellular Membranies Isolated from

Leaves of Vicia faba L.
A plus indicates similarity between fractions.

Lipid Characteristic

~~~oC 0~~~~~~~~~~
Subcellular Fraction iA0 A A

Microsomal00action+ 0 0
0 a - a..-

-.4 < A A <

Chloroplast lamellae + + + +
Chloroplast envelope + + + + + + + +
Mitochondrial + + + +

fraction
Microsomal fraction + + + +

chondrial and the microsomal fractions are similar to those re-
ported for these membranes by other workers (1, 3, 6, 7, 20, 24,
30, 35). There are minor differences which are to be expected
when comparing analyses from different species. A comparison
of the lipid and fatty acid composition of these subcellular
fractions shows that the chloroplast envelope has character-
istics in common with every other subcellular fraction (Table
VI). The relatively high galactolipid content, the high propor-
tion of PG (% of PL), the absence of PE, and the relatively
high proportion of 18:3 in the total lipid are all characteristics
shared with the lamellae. The low MGDG/DGDG ratio, the
high PC content, the DGDG as the major galactolipid, the
absence of the trans-A3-hexadecenoic acid, and the high propor-
tion of palmitate in the total lipid are characteristics shared
with the mitochondrial and microsomal fractions. This appar-
ently intermediate character of the envelope lipid composition
raises some interesting questions about the site(s) of synthesis
of the envelope membrane components.
The comparisons made here between the lipid composition

of the different cellular membranes do little to advance our
understanding of any relationship which exists between the
composition and function of a membrane. However, the appar-
ent correlation which exists in a number of other cell mem-
branes (8, 31, 34), between a high phospholipid content and
the presence of specific transport processes is also found in the
chloroplast envelope; the inner envelope membrane is known
to have specific transport properties (16, 17).

Several points of interest about cellular membrane composi-
tion have emerged from these analyses. The lipid composition
of all the membranes are qualitatively similar with the excep-
tion of PE. Because this was found in both chloroplast mem-
brane fractions in only very small quantities (<0.5%) and
could be accounted for as mitochondrial contamination, we
conclude that it is confined to the extrachloroplastic mem-
branes. The MGDG, the DGDG, and PG were present in all
the membrane fractions analysed and therefore are not spe-
cifically chloroplast lipids. Furthermore the proportion of PG
(as a percentage of the total lipid) is greater in the envelope
(8.9%), the microsomes (9.6%), and the mitochondria (7.8%)
than it is in the lamellae (5.5%) (Table II). All the lipids in all
the membranes contain the same fatty acids with the exception
of the trans-A3-hexadecenoic acid which is only found in the
lamellae.
We conclude from our analyses that the major differences in

acyl lipid composition between leaf cell membranes with widely
differing function are quantitative rather than qualitative.

Acknowledgmenzt-We are most grateful to W. W. Thomson for permission to
publish Figure 2.
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